The paper reviews the current research status of corroded reinforced concrete. The mechanical properties of corroded steel bars and the overall mechanical properties of the components were compared and analyzed. Analysis showed that with the growth of corrosion rates, the elongation of corroded steel bars decreased faster than nominal yield strength and nominal ultimate strength; element bearing capacity of large diameter decreased faster than the diameter of the small. Compared with the electrifying corrosion and practical engineering components, the mechanical properties of the actual engineering under the same corrosion rate are founded to decrease more seriously.
Introduction
There are infrastructure constructions made of reinforced concrete on a large scale in our country.
Because of the impaction of natural and industrial environment, the degradation of the structural durability of corroded reinforced concrete is very common, especially in corrosion-prone ocean engineering, road and bridge construction and building in saline areas, steel corrosion [1] . Life and property damage caused by steel corrosion can`t be ignored. Steel corrosion produces very bad influence on the concrete structural performance: The effective cross-sectional area, nominal yield strength, ultimate strength and elongation rate are decreased because of corrosion products; With the growth rate of steel corrosion and the impact of environmental factors, deterioration of the bond property between corroded steel bars and concrete is more serious, which cause bearing capacity and stiffness of the element are reduced. This paper summarizes the present research status, the three kinds of mechanical properties of corroded steel bars, element bearing capacity and yield strength of different diameters are compared, and the differences between laboratory corrosion and practical engineering components are analyzed.
Research Status

Corrosion on the mechanical properties of steel bars
Scholars in domestic and foreign generally studied the mechanical properties of the reinforced corrosion with analyzing yield strength, ultimate strength and elongation of the tensile test of different corrosion rate of steel bars. A consistent understanding has been formed relatively [2] : When the corrosion rate is small, corrosion has a little influence on the mechanical properties of steel bars; when the corrosion rate is large, the nominal yield strength, nominal ultimate strength and elongation decrease. But different brands, different diameters and different ways of corrosion will produce different effects on the experimental results.
In terms of different diameters, fine steel is more sensitive to corrosion. Under the same corrosion rate, large-diameter reinforced has a certain mitigation effect on the corrosion because of its large reserves of strength. For the same type of steel: With the increase of the corrosion rate of the cross-section, ultimate load declines faster than the yield load, The influence of corrosion on the ultimate load is greater than the yield load. For different types of steel: With the increase of the corrosion rate of the cross-section, the impact of corrosion on the deformed bar is larger than that of the round bar; the influence of different brands and different corrosion modes on the mechanical properties of steel bars is also different. At present, we usually study on the mechanical behavior of corroded reinforcement by applying current accelerated corrosion method to obtain steels, which is relatively easy and fast to obtain specimens, but the corrosion is uniform, while the corrosion in practical engineering becomes complicated because of it` s diverse environment, so there is a larger difference between the actual projects and the experimental data.
Steel corrosion is a complex process, along with uniform corrosion and pitting corrosion, and with the increase of the corrosion rate, the non-uniformity of corrosion is increasing. Sun 's [3] study of the boundary between the two states corrosion shows that the two kinds of corrosion states often coexist. Uniform corrosion occurs first, then pitting corrosion gradually occurs in local reinforcement, developing into local pitting corrosion mainly. There is no strict boundary between the two kinds of corrosion. When the corrosion rate is less than 5 percent, it is mainly uniform corrosion; when the corrosion rate is more than 5 percent, pitting corrosion is dominant. From figure 1 [4] , the three kinds of mechanical properties approximately and slowly decline when the corrosion rate is small. With the increase of the corrosion rate, the three kinds of mechanical properties decline fast and the elongation decline faster than the yield load and ultimate load. Steel yield strength and ultimate strength is tested by conducting the pull-out experiment. Steel only bears the axial tensile force, and the non-uniformity corrosion would cause stress concentration points in the deepest pitting corrosion. The final result is that the strength of steel is decided by the weakest point, which is the maximum corrosion rate of the cross-section areas. This damage effect is more apparent when the corrosion rate is large. When corrosion is smaller, there is mainly uniform corrosion, and stress concentration effect is not obvious and the rate of decline is slow. Chu`s [5] study indicates that the side surface area of reinforcement is an important factor to influence the corrosion of steel bars and the corrosion rate of steel bars with larger surface area is more serious. With the increase rate of corrosion, pitting corrosion would develop rapidly and the stress concentration at the corrosion pit will makes the three kinds of mechanical properties of steel falls faster. But from the figure 2 [6] , The elongation decreases faster than the previous two kinds of mechanical properties in the high corrosion rate, due to the superposition of the deformation of each node of the steel bar. it is also greatly related to the overall corrosion of steel. When the corrosion rate is smaller, the steel bar's integrity is good. With the corrosion rate increases, the deformation of the superposition effect decreases more obviously. According to the experimental date [7] and chart 2, it is proved that the mechanical properties of the components of electricity accelerated corrosion in the laboratory conditions are different from the mechanical properties of the corrosion of the nature environment in the actual engineering. At the same corrosion rate, the declining rate of elongation and yield strength of corroded reinforced from the actual building structure are higher than the rate from the laboratory, especially the declining rate of the elongation. The pore and collision from concrete pouring will increase the heterogeneity of component. The nature of corrosion in the laboratory is different in the natural environment: in the laboratory, the iron ion of steel bars will leave bars in form of a cation. However, in the actual process, the iron ion will accumulate on the surface of steel, which results in seriously uneven reinforcement corrosion in actual engineering. The higher corrosion rate, the more obvious the heterogeneity. The uneven reinforcement corrosion largely leads to the decline of the elongation. Therefore, under the condition of same corrosion rate, components corroded by electric are safe, while the mechanical properties of the actual engineering components are reduced more seriously.
The influence of corrosion on the bearing capacity of components
There are three main reasons for the decrease of the bearing capacity of corroded reinforced concrete beams: the decrease of the section area of reinforcement, the decrease of the yield strength of corroded reinforcement, and the decrease of the bond between reinforcement and concrete. The decrease of the section area and of the yield strength of the corroded reinforcement can be attributed to the decrease of the mechanical properties of steel bar. The bond strength between steel bar and concrete can be reduced due to the decrease of bond strength. Jin [8] has studied the third reason through the test. It is found that the reinforced corrosion rate of reinforced concrete beams reinforced and concrete coordination coefficient formula, the formula of synergistic coefficient with steel corrosion rate increases and decreases. In Figure 3 , the decrease rate of the bearing capacity of corroded reinforced concrete beams and the decrease of the yield strength of the steel bar increase with the increase of the corrosion rate, and the decrease of the strength of steel bars is even greater. The decrease of the yield strength and the corrosion rate of the steel bar are linear. The decline curve of load bearing capacity tends to be two times. When the corrosion rate is lower, the curve and the former are close. When the corrosion rate increases, the bearing capacity curve will decrease rapidly. With the corrosion rate increasing, the bearing capacity of the component in the actual engineering is decreased faster than that of the component under the laboratory condition and under the condition of software simulation. The decrease of yield strength and the loss of bond strength are the main reasons for the decrease of the bearing capacity. Zhang's [9] research shows that when the corrosion rate is less than 5%, the bond strength of corroded steel bars and concrete is not lower than that of the non-corroded reinforcement. Therefore, when the corrosion rate is smaller, the yield strength of the steel bar is the main reason for the reduction of the bearing capacity. The corrosion loss of the reinforcement leads to the decrease of the effective area of the beam, and the failure mode of the beam tends to be less muscle damage. When the corrosion rate is high, the corrosion expansion cracks of the protective layer will increase. The corrosion of the rustshaped crack leads to the loss of the local protective layer. The decrease of bond force leads to the decrease of bearing capacity. The bond strength loss is more serious with the increase of corrosion. The decrease of bearing capacity is slower in the case of small corrosion rate, and it is faster in the case of large corrosion rate.
Niu [10] and others studied on the bearing capacity of corroded reinforced concrete beams in practical engineering. The study shows when the corrosion rate is less than 5%, the plane section assumption conclusion was established. At the same time, they also put forward: when only consider the tensile zone of the reinforced concrete beam, we obtained the beam resist bending bearing capacity calculation method.
The influence of corrosion on the mechanical properties of the steel bar shows that the appearance of the steel surface rust causes the effective area reduction, which leads to the reduction of the steel resistance. Under the same corrosion condition, the steel bars with small diameter are more sensitive to corrosion, and the increase of the corrosion rate leads to the nominal yield strength, the nominal ultimate strength and the elongation at break. Because the corrosion occurs on the steel surface, the internal structure of the reinforcement is not damaged. The diameter of the reinforced strength reserve capacity is strong, so the performance of the resistance to corrosion is reduced more. On the contrary, according to the comprehensive analysis of the literature data [11] [12] [13] and chart4, when bearing capacity with the increase in the corrosion rate increases, the diameter of the steel bar carrying capacity decreased rapidly. Therefore, when the corrosion rate is low, the main reason is the decline of the yield strength of steel reinforcement. The main reason is the loss of the bond strength of steel and concrete when the corrosion rate is high.
Analyzing different scholars research achievements, at present cognition in the decrease of bearing capacity of corroded reinforced concrete beam are the same: the main reason for decline in bearing capacity of corroded reinforced concrete member is reinforced mechanical properties and degradation of bond. In different corrosion environments, the mechanical properties of corroded reinforced concrete beam down at different levels. When corrosion rate is small, beam bending damage of normal section, the bearing capacity, ductility can be improved, and when the corrosion component difference is smaller, the bearing capacity of the beam will fall sharply, damage to brittle failure.
Corrosion influence on the stiffness of components
During normal use, due to the comprehensive effect of various factors, steel bar will be corroded, concrete cover cracked, cross section area weakened, thus making the rigidity degradation and deformation increases, prematurely lose their normal function [14] .
The influence of reinforcing steel bar corrosion on concrete beam bending stiffness is mainly manifested in two aspects [15] : the reduction of cross-sectional area of steel bars and degradation of cohesive force between concrete and steel bar. Along with the increase of the corrosion, reinforced concrete beam bending stiffness degradation coefficient decreases gradually. When the corrosion rate is higher than 15%, the flexural stiffness degradation coefficient tends to be stable.
Analyzing the experimental data and taking the biggest load 30% to analyze midspan deflection, it can be seen from the table below: with the increase of corrosion rate, under the same load beam midspan deflection increases gradually. When corrosion rate is low, change is bigger; When corrosion rate reaches from 15% to 18%, the deflection change is bigger. Some scholars think that when corrosion rate is less than 5%, the cohesive force between steel and concrete will not reduce, instead, it will increase slightly, so it has smaller influence on stiffness. When the corrosion rate of minor load level is low, and the mechanical properties of reinforced decline is also smaller, stress don't reach the steel yield strength after rust, so the low level of load can be thought to have less effect on the stiffness. 30% of maximum load midspan deflection. Reinforcement corrosion has a significant effect on stiffness of beam. Due to that the anchoring effect is the basis of joint bearing steel bar and reinforced concrete. When reinforced surface rust corrosion rate is small, it has less effect on the bonding strength between steel and concrete. Therefore the beam bending strength decline is not obvious. But as the corrosion rate increases, reinforced the nominal yield strength and elongation, deflection decrease relatively. As the corrosion rate increases, reinforced surface corrosion is serious, and it gradually loses the cohesive force of concrete.
Before the anchor end of reinforcement in components is damaged for corrosion, the reinforced effect is more like a tension member, and even as the corrosion rate increases reinforcement may be pulled apart or cause drag mark. Serious corrosion reduces the effective area of the steel. During the course of corrosion, corrosion pits appear randomly, which can lead to stress concentration in this section and make it break, thus greatly reducing the bending capacity of the event. With the improvement of rebar corrosion rate, bearing capacity and flexural stiffness of corroded reinforced concrete beam decrease continuously. The brittle failure will happen when corrosion is serious. (1) There are more research on the influence of corrosion on rebar and engineering structure than the relationship between the performance degradation and structural reliability, so the failure rate of practical engineering structure is difficult to estimate.
Remain Further Research
(2)
In laboratory, reinforcement corrosion is conducted in the absence of force, and different from the actual engineering, so the role of the strength of corroded, and the impact on the uneven corrosion remains to be studied.
(3)
Researchers' access to corroded steel bar is different, so the result has the deviation. There is no sufficient contrast among the various sources of corroded reinforced. Types of actual corrosion environment are more complex, with a greater difference from the actual project. The phenomenon of building better laboratory corrosion method to simulate different practical corrosion is quite serious.
